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Abstract : The photon counting technique, now a days, is emerg­
ing as important and popular in the field of studies like feeble 
light detection, measurement of life times of excited state of the 
atoms, light yield in different, luminescences, dosimetric applica­
tions, etc. This technique utilises the single photon responses by 
a photomultiplier tube and then it counts and detects photons 
emitted during a radiative emission of some suitable phosphors 
during their de-excitation.
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1 ■ Introduction
The photon counting technique (PCT) has been found to be very 
successful in measuring of low level light intensity. This technique can 
In' employed to measure the light having the intensity as feeble as that 
produced by a single photon [1]. Using this technique the photons emit­
ted from a source can be detected and counted one by one by making 
a prudent use of a suitable light detector such as a low noise photomul­
tiplier tube (PMT) but without any embelishment in the associated 
electronics. A number of recent reports on measurements employing 
PCT demonstrate the wide range of applications to which it can be put 
[2j. The importance of single photon counting technique lies in the fa-
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ct that for a successful measurement of life time, it is essential to count 
the photons one by one as they are emitted during de-excitation. When 
light , yield measurement during a radiative process is required Pct 
again can be suitably applied with an appropriate data acquisition sys- 
tem [3,4]. Besides facilitating precise measurement of light intensity 
PCT hardly finds another even equally reliable competitor in the field 
of luminescence decay time measurements. We have empolyed this tech­
nique in the study of lyoluminescence (LL), a process of light emission 
from some previously irradiated materials during dissolution in suitable 
solvents, and related phenomena. Studies on the mass dependence of 
LL decay times in mannose, a monosaccharide, by employing PCT is 
reported below.
2. Experiments
The principle of the process of single photon counting by a low 
noise PMT is described below. As soon as an optical photon pf wave­
length that corresponds to the wavelength response band of the PMT 
is incident on the PMT window, i.e., the photocathode, one photo- 
electron is released from its thin semitransparent surface decided by 
the quantum efficiency of the photocathode. This photo-electron which 
travelling down the successive dynodes, results in multiplication in num­
ber and finally gives rise to a large burst of electrons which are collected 
by the anode. The number of these electrons is nearly equal to G, 
where G is the current gain of the PMT at the anode (in our case it is 
~ 3.XT05). This burst, constitutes a Current pulse of very short dura­
tion, about a few nanoseconds, and contains a charge eG, where e is the 
electronic charge. The stray capacitance present at the anode is then 
charged by this current pulse to generate a voltage pulse (~ 15 mV for 
stray capacitance around 10 pF). After a suitably low noise amplifica­
tion with the help of an active filter amplifier, a multichannel analyser 
(MCA) is used to record the filial pulse height distributidn spectrum. 
In Figure 1 a typical peaked spectrum is shown which illustrates the 
single, pho ton  response  (SPR) of the PMT In the same figure the 
noise pulse height distribution of the PMT is also presented. The noise
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response which essentially resembles the SPR is drawn by recording the 
pulse height distribution in the same PMT placed in complete darkness.
F ig u r e  1 . A  ty p ica l s in g le  p h o to n  p eak  recorded during  
d isso lu tio n  o f  5m g o f  m an n ose (d ose lk G y )  along w ith  
th e  n o ise  sp ectru m  (S E R ) and  th e  w indow  se ttin g s.
It is in terestin g  to  n o te  that, th e  noise sp ectru m  also  g ives th e  peak  at 
the sam e p lace, i.e ., at. th e  sam e ch an n el num ber. T h is  no ise  sp ectru m  is 
railed s in g le  e le c t r o n  r e s p o n s e  (S E R ) w h ich  has its  origin  in th e  P M T . 
The p h o to ca th o d e  em its  therm al e lectron s w h ich  c o n stitu te  ~  80% of  
the to ta l n o ise  o u tp u t  o f th e  P M T . T h ese  therm al e lectron s are. m o stly  
em itted s in g ly  [3]. T h erefore, it m ay  be said  th a t b o th  th e  S E R  and  
SPR sp ectra  are gen era ted  from  sin g le  e lectron s or ig in a tin g  from  th e  
photocath ode o f  th e  P M T  th rou gh  th erm al em ission  in  th e  case o f  S E R  
and p h o to e lec tr ic  em issio n  in  case  th e  o f  S P R . It is th en  clear th at  
the peaked resp o n se  after th e  su b tra ctio n  o f th e  P M T  noise channel by  
channel g iv es  th e  resultant, sh ap e o f  th e  S P R .
T h e  p h o to n  cou n ter has b een  se t up using a H a m a m a tsu  R 1307  
PM T w ith  n ecessa ry  e lectron ics (P M T  su p p ly  v o lta g e  1200 V ) as show n  
in F igure 2. T h e  w a v e len g th  resp on se  o f  th is  P M T  is 300 - 650 run w ith
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the peak at 420 nm. It has a dark current of typically 2 nA at a gain 
3 X 105 and luminous sensitivity of ~ 30 A/lumen. The response of 
the PMT matches well with the wavelength band of emission of the 
lyoluminophors used, viz., alkali halides, saccharides, amino acids, enz­
ymes etc. These LL phosphors are prepared exposing them to ionising 
radiations (in our case 7 -rays) to a suitable dose for the generation of 
active LL centres and then allowed to dissolve in distilled water. In the 
course of dissolution the active LL centres decay down through some 
radiative', and non-radiative reactions. As soon as the radiative reactions 
start, emission of light commences. This light is allowed to fall on the 
PMT window. The PMT output, after proper amplification is fed to 
a single channel analyser where setting of the biases allow only the 
pulse height which belong to single photon events. A typical selection 
of pulse height has been marked by the vertical lines in Figure 1. The 
lower level discriminator bias setting ensures rejection of the too many 
smaller PMT dark pulses whereas the upper level discriminator bias 
setting excludes the few larger pulses beyond the single photon peak. 
Thus, these settings permit one to acquire data corresponding to single, 
photon events only thereby enabling one to measure decay times. The 
area under the decay spectrum gives the integrated light yield.
DISSOLUTION CELL
Figure 2 . Simplified block diagram of LL reader.
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3 Results on Mannose
Since the saccharides are tissue-equivalent, LL measurements with 
them should serve as a good dosimetric technique. However, the mech­
anism responsible for LL emission is still not fully understood. To 
develop this technique for dosimetry, various aspects of LL need to be 
studied thoroughly. Decay time measurement and its mass dependence 
which have not been reported earlier are good objects of studies for 
understanding LL. Accordingly, we have measured, for the first time,
SOLUTE MASS (m g )
Figure 3. The variation of decay times with solute mass 
when dissloved in water of pH 6.8 for mannose. Curves 
marked t \ , r2 and r3 are of first, second and third com­
ponents respectively.
this mass dependence and for the purpose have employed PCT to which 
no alternative exists for performing decay time measurements [5]. We 
have taken up the case of mannose because mannose has been found 
to have largest yield amongst all saccharides. The decay time measure­
ment is done by choosing only the single photon as marked in Figure
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1 and recording them in an MCA operated in the multichannel scaling 
mode with a dwell time of 40 ms per channel. Such a record enables di­
rect determination of decay times [6]. The mass dependence is studied 
by measuring the decay times for various masses of the solute ranging 
from 2 mg - 20 mg. The water of pH 6$  has been used as the solvent
The findings, presented graphically in Figure 3, show that, for all 
masses, there are three components of decay. It is seen from Figure 
3 that all the three components show mass dependence. The fastest 
component (xj) is affected least whereas the longest component (t3) 
most. The mass dependence of decay times indicates that the radiative 
reactions, particularly for T3, linger as the solute mass increases. The 
reaction mechanisms which have been attributed to the origins of the 
three components have been suggested earlier [6]. The reason for mass 
dependence is still not clear but it is not unlikely that increase in solute 
mass (i.e., presence of larger number of LL centres) will lengthen the 
decay times. Since the reactions corresponding to x3 and x2 Vre known 
to be inhibited due to presence of larger mass in the solution because 
of the competition amongst the increased active LL centres.
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